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(54) [TITLE OF THE INVENTION] Black zirconia ceramic sinter and method 

for production thereof 



(57) [ABSTRACT] 

[Object] In the black zirconia ceramics for to be used as a black 
decorating material in watch frames^ necktie pins, etc. , black zirconia 
ceramics endowed with enhanced smoothness, sensation of depth, and 
uniform tint without sacrificing the high strength inherent in zirconia 
ceramics is provided. 

[Construction] A black zirconia ceramic sinter having a black 
color of sensorial degree in the range of L* < 48, -2 < a* < 2, -2 
<b*<2basedon JIS (Japanese Industrial Standard) Z8729 and exhibiting 
f lexural strength of not less than 100 kg/mm^ is obtained by compounding 
95-99.5 weight % of partially stabilized Zr02 powder and a total 
of 0.5 - 5 weight % of a blackening agent, comprising 0.1-2.0 weight % 
each of at least one species selected respectively from carbides and 
oxides , mixing and pulverizing them, and sintering the resultant powder 
in a vacuum of not more than 10 Torrs at a temperature in the range 
of 1300 - 1600°C till the relative density thereof reaches a level 
of not lower than 93%. 
[SCOPE OF CLAIM FOR PATENT] 

[Claim 1] In a sinter having a partially stabilized zirconia 
as a main component and containing as a blackening agent at least one 
species selected respectively from carbides and oxides, a black 
zirconia ceramic sinter assuming a black color of sensorial degree 
in the range of L* < 48, -2 < a* < 2, -2 < b* < 2 based on JIS Z8729 
and exhibiting f lexural strength of not less than 100 kg/mm^. 

[Claim 2] A black zirconia ceramic sinter according to claim 
1 , wherein said blackening agent comprises at least one species each 
of the carbides of Group IVa as a first component, the oxides of Group 
Va and Group Via as a second component, and the oxides of Group lla 
and Group VIII as a third component, severally in an amount in the 
range of 0.1 - 2.0 weight % and totally in an amount in the range of 
0.5 - 5.0 weight %. 



[Claim 3] A black zirconia ceramic sinter according to claim 

1 or claim 2, wherein said blackening agent comprises the oxides of 
at least one species from among Ti, Q, and Hf as a first component 
and of at least one species from among Cr^ Mo^ V, and Ta as a second 
component^ and the oxides of at least one species from among Fe, Co, 
Ni, and Mg as a third component, severally in an amount in the range 
of 0.1 - 2.0 weight % and totally in an amount in the range of 0.5 
" 5.0 weight % . 

[ Claim 4 ] A blackening zirconia ceramic sinter according to claim 

2 or claim 3, wherein said black zirconia ceramics contains AI2O3 as 
a fourth component in an amount in the range of 0.1 - 2.0 weight %. 

[Claim 5 ] A method for the production of a black zirconia ceramic 
sinter set forth in any of claims 1-4, characterized by obtaining 
a sinter having a relative density of not less than 93% by compounding 
95 - 99.5 weight % of partially stabilized Zr02 powder and a total 
of 0.5 - 5 weight % of a blackening agent, comprising 0.1-2.0 weight % 
each of at least one species selected respectively from carbides and 
oxides , mixing and pulverizing them, and sintering the resultant powder 
in a vacuum of not more than 10 Torrs at a temperature in the range 
of 1300 - 1600°C. 

[Claim 6 ] A method according to claim 5, wherein said blackening 
agent incorporates therein at least one species each of the carbides 
of Group IVa as a first component, the oxides of Group Va and Group 
Via as a second component, and the oxides of Group lla and Group VIII 
as a third component, severally in an amount in the range of 0.1 - 
2 . 0 weight % and totally in an amount in the range of 0 . 5 - 5 . 0 weight % . 

[Claim 7 ] A method according to claim 5 or claim 6, wherein said 
blackening agent incorporates therein the oxides of at least one species 
from among Ti, C, and Hf as a first component and of at least one species 
from among Cr, Mo, W, V, and Ta as a second component, and the oxides 
of at least one species from among Fe, Co, Ni, andMg as a third component , 



severally in an amount in the range of 0.1 - 2.0 weight % and totally 
in an amount in the range of 0.5 - 5.0 weight %. 

[Claim 8] A method according to claim 6 or claim 1 , wherein said 
black zirconia ceramics incorporates therein AI2O3 as a fourth component 
in an amount in the range of 0.1 - 2.0 weight %. 

[Claim 9] In the production of a black zirconia ceramic sinter, 
a method for the production of a black zirconia ceramic sinter set 
forth in any of claims 5-8, characterized by including after the 
step of sintering a sintering step of applying to the produced sinter 
a hot hydrostatic pressure of not less than 200 kg/cm^ at a temperature 
in the range of 1300 - 1500°C. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] 

[Field of industrial utilization] This invention relates to 
materials using a black zirconia sinter such as, for example, black 
decorating materials represented by spikes, watch frames, watch 
bracelets, necktie pines, and buttons. 

[0002] 

[Prior Art] The zirconia sinter excels in such mechanical 
properties as toughness and flexural strength and, therefore, is 
expected to find utility in a wide range of fields. Particularly, 
the zirconia sinter endowed with a blackened color tone has been in 
use as such decorating articles as watch frames, watch bracelets, 
necktie pins, and buttons. 

[ 0003 ] Concerning the technique for coloring high-strength Zr02 , 
various attempts are now under way. As the means for this coloration, 
the method which consists in adding a coloring component to Zr02 forms 
the leading faction. 

[0004] (1) The official gazette of jp-a-60-90872 , for example, 
discloses black Zr02 which is obtained by compounding stabilized Zr02 
and a small amount of carbon and sintering the resultant mixture in 



a reducing atmosphere till carbon and zirconixim carbide are formed. 
Then^ (2 ) blackened Zr02 obtained by disposing carbon on the periphery 
of a shaped piece of Zr02 and sintering the coated shaped piece in 
a non-oxidizing atmosphere thereby impregnating the shaped piece with 
carbon and effecting formation of carbon and zirconium carbide 
similarly to the official gazette mentioned in (1) is disclosed in 
the official gazette of JP-A-63-100059 . Further, (3 ) a s imilar method 
which further comprises adding a coloring component formed of a metal 
composition of elements of Groups IVa, Va, Via, Vila, and Villa in 
the periodic Table of the Elements is disclosed in the official gazette 
of JP-B-07-12978. Also, (4) the addition of a coloring agent formed 
of similar oxides in con junction with carbon is disclosed in theof f icial 
gazette of JP-B-03-9062 . 

[0005] Besides, the fact that blackened Zr02 is obtained at a 
temperature of not lower than 1200°C when a Zr02 sinter incorporating 
therein such a stabilizing agent as Y2O3 is treated in a reducing 
atmosphere is disclosed in JP-B-03-67983 . 

[0006] 

[Problem to be solved by the invention] Regarding (1) - (4) of 
the prior techniques described above, the relevant sinters are liable 
to produce differences in the degree of blackening because carbon 
persist as a simple substance therein, particularly copiously inside 
as compared with the surface. Further, also regarding the prior 
technique of ( 5 ) , the uniformity of coloration is problematic because 
differences tend to occur in the state of reduction between the surface 
and the interior of the sinter. 

[0007] This invention has been accomplished as a result of a 
diligent study pursued with a view to overcoming the problem pointed 
out above. It is aimed at providing black zirconia ceramics endowed 
with enhanced smoothness , sensation of depth, and uniform tint without 
sacrificing the high strength inherent in zirconia ceramics and a method 



for the production thereof. 
[0008] 

[Means to solve the problem] For the purpose of solving the 
problem mentioned above, this invention contemplates providing as a 
sinter having partially stabilized zirconia as a main component and 
containing a blaclcening agent formed of at least one species selected 
respectively from carbides and oxides, a blaclc zirconia ceramic sinter 
assuming a black color of sensorial degree in the range of L* < 48, 
-2 < a* < 2, -2 < b* < 2 based on JIS Z8729 and exhibiting flexural 
strength of not less than 100 leg/mm^. 

[0009] Then, the method for the production of a black zirconia 
ceramic sinter according to this invention obtains a black zirconia 
ceramic sinter having a relative density of not less than 93% by 
compounding 95 - 99.5 weight % of partially stabilized Zr02 powder 
and a total of 0.5 - 5 weight % of a blackening agent, comprising 0.1 
-2.0 weight % each of at least one species selected respectively from 
carbides and oxides, mixing and pulverizing them, and sintering the 
resultant powder in a vacuum of not more than 10 Torrs at a temperature 
in the range of 1300 - 1600°C. 

[ 0010 ] Incidentally, the aforementioned blackening agent which 
is used in this invention preferably contains at least one species 
each of the carbides of Group IVa as a first component, the oxides 
of Group Va and Group Via as a second component, and the oxides of 
Group lla and Group VIII as a third component, severally in an amount 
in the range of 0.1 - 2.0 weight % and totally in an amount in the 
range of 0.5 - 5.0 weight %. 

[0011] Further, it is proper to use the oxides of at least one 
species from among Ti, C, and Hf as a first component and of at least 
one species from among Cr, Mo, w, V, and Ta as a second component, 
and the oxides of at least one species from among Fe, Co, Ni, and Mg 
as a third component and incorporate AI2O3 as a third component in an 



amount in the range of 0.1 - 2.0 weight %. 

[ 0012 ] Then, the method for the production of the black zirconia 
ceramic sinter mentioned above may include after the step of sintering 
a sintering step of applying to the produced sinter a hot hydrostatic 
pressure of not less than 200 kg/cm^ at a temperature in the range 
of 1300 - 1500°C. 

[0013] 

[Operation] The black zirconia ceramic sinter according to this 
invention is formed of ceramics using a known substance as a stabilizer. 
As the stabilizer, it is proper to use Y2O3 or C0O2, for example. 

[0014 ] The zirconia ceramics is sintered in a solid state. When 
it incorporates a blackening agent besides the stabilizing agent, the 
produced sinter fails to acquire fine mechanical properties when the 
proportion of the zirconia powder falls short of 95 weight %. The 
produced sinter suffers deficiency in the coloring effect when the 
proportion exceeds 99.5 weight %. 

[0015] When a metal oxide or a metal carbide is singly added 
as a blackening agent for the purpose of imparting a black color to 
the zirconia ceramics, it is generally necessary to add this blacking 
agent in a large amount . This addition , therefore , tends to deteriorate 
the sintering property and degrade the mechanical properties . It is, 
therefore, necessary to blacken the zirconia ceramic effectively by 
using the additives in the smallest possible amounts. 

[ 0016 ] For this invention, it is important that the metal carbide 
and the metal oxide be added simultaneously. By adding these two 
compounds, it is made possible to attain uniform blackening of the 
zirconia ceramics effectively at small application rates of the 
additives . 

[0017] In this case, the carbide as the first component is 
preferred to comprise an element of Group iva and the content thereof 
is in the range of 0.1 - 2.0 weight %. In the elements of Group iVa, 



Ti and Hf prove to be particularly favorable. 

[0018] The content of the oxide is in the range of 0.1 - 2.0 
weight %. The second component is selected from among the oxides of 
the elements of Group Va and group Via and the third element is selected 
from among the oxides of the elements of Group lla and group VIII. 
It is necessary to select at least one species each of the compounds 
of these components. Cr, Mo, w, v, and Ta are particularly suitable 
for the second component and Fe, Co, Ni, and Mg for the third component. 

[0019] The total amount of the first - third components to be 
added is in the range of 0.5 - 5.0 weight %. If the amount of each 
of the components falls short of 0.1 weight %, the addition of these 
components will not bring the effect aimed at. If the amount exceeds 
2.0 weight %, the excess will be at a disadvantage in deteriorating 
the state of dispersion of the relevant components with other additives 
and degrading the smoothness of coloration. Then, if the total amount 
of the blackening agent falls short of 0.5 weight %, the shortage will 
be at a disadvantage in rendering difficult the manifestation of the 
effect of deep and smooth coloration aimed at by this invention, though 
the uniform black tone may be attained, if it exceeds 5.0 weight %, 
the exc es s wil 1 be at a dis advantage in fa il ing to atta in any proport iona 1 
addition to the effect of coloration, conversely degrading the 
sintering property, and consequently deteriorating the mechanical 
properties. Occasionally, this excess will possibly produce a color 
other than the black and consequently induce deviation from the range 
of sensorial color designated by this invention. 

[0020 ] TheAlzOa is added because the blackening agent, when added 
in an unduly large amount, possibly induces so conspicuous growth of 
grains as to require use of the added AI2O3 as a depressant against 
the growth. 

[0021] The black zirconia ceramic sinter contemplated by this 
invention contains oxides and carbides mentioned above . The carbides 
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and the oxides may be allowed to form joint compounds or the oxides 
may react with each other to form a complex compound. 

[0022] NOW/ the sintering performed in accordance with this 
invention and the effect of HIP will be described below. 

[0023] For the purpose of producing black zirconia possessing 
a deflective strength of not less than 100 kg/mm^, this invention 
requires the sintering to be performed under a degree of vacuum of 
not more than 10 Torrs . If the sintering is carried out under a degree 
of vacuum lower than 10 Torrs , the surface of the sinter will tend 
to be oxidized and consequently made to assume a white color. 

[0024] The temperature of the sintering is preferred to be in 
the range of 1300 - 1600°C. For^ the temperature falling short of 
1300°C will compel the sinter to become deficient indenseness of texture 
and the temperature exceeding 1600°C will cause the sinter to suffer 
from unduly remarkable growth of grains and consequent degradation 
of strength. 

[0025] Further / for the purpose of enabling the produced sinter 
to acquire a deflective strength of not less than 100 kg/mm^/ the 
sintering must be carried out so that the relative density may reach 
a level of not less than 93%. 

[0026] As respects the conditions for further performing the 
HIP after the s inter ing, the temperature must be in the range of 1300 
1600°C and the pressure must be not less than 200 kg/cm^ for the 
same reason as given above. If the pressure falls short of 200 kg/cm^, 
the shortage will prevent the pores remaining in the sinter after 
termination of the sintering from being effectively removed and 
preclude the texture of the sinter from gaining in density. 

[ 0027 ] To define the degree of blackening of the zirconia ceramic 
sinter blackened in accordance with this invention by the sensorial 
color using the L*a*b* color system defined by JIS (Japanese Industrial 
Standard) Z8729/ the color must fulfill the ranges of L* < 48, -2 < 
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a* < 2/ and -2 < b* < 2. 

[0028] Here, L* denotes brilliance and a* and b* each denote 
chromaticity . The sinter grows white as the magnitude of L* heightens , 
assumes a red color as the magnitude of a* heightens and a green color 
as this magnitude lowers, and assumes a yellow color as the magnitude 
of b* heightens and a blue color as this magnitude lowers. 

[0029] The sensorial color of a given sample depends on the 
surface roughness of the sample. Thus , the numerical values designated 
by this invention represent the sensorial colo which exists when the 
surface roughness of a given sample satisfies the condition of Ra < 
0.92 yxsi. 

[0030] The sensorial color, particularly the brilliance L*, is 
degraded in proportion as the surf ace of a given sample gains in roughness • 
When the black zirconia ceramic sinter disclosed by this invention 
is worked to a surface roughness of Ra < 0 . 02 pm and measured for sensorial 
color, these ranges are found to be L*< 48, -2 < a* < 2, -2 < b* < 
2. When the same sinter is worked so as to acquire surface roughness 
of Ra = 0.5 ^im, the sensorial color has the magnitude of L* degraded 
by a margin of about 16. 

[0031] Then, under the condition, Ra < 0.02 jLfln, the degree of 
smooth blackness with exalted sensation of depth satisfies the ranges, 
L* <6, -0.3 < a* < 0.3, -0.3 < b* < 0.3. 

[0032] 

[EMBODIMENTS] 

(Example 1) An embossed piece measuring 5 mm (width) x 45 mm 
(length) x4mm (thickness) was obtained by mixing a partially stabilized 
Zr02 powder containing Y2O3 (having an average particle diameter of 
0.4 pm) and a powdered blackening agent having a varying composition 
shown in Table 1 (invariably having an average particle diameter of 
0.6 ^m) and forming the mixed powder under a pressure of 500 kg/cm^. 

[0033] This embossed piece was sintered in a vacuum furnace of 



10"^ Torr at a temperature of 1500°C for three hours. Then, part of 
the sample was subjected to the HIP in an atmosphere of argon gas under 
a pressure of 1000 kg/cm^ at 1400°C for one hour. 

[0034] The sinter obtained as described above was worked by 
grinding into a test piece measuring 4 mm (width) x 36 mm (length) 
X 3 mm (thickness ) and the test piece was measured for flexural strength, 
relative density, and electric conductivity. Further, the test piece 
was worked till the surface roughness reached Ra < 0 .02 ^ and measured 
for sensorial color. The results are shown in Table 2. 

[0035] 
[Table 1] 

Table 1 







Blackening agent 


No. 


ZrOz 


First 


Second 


Third 


Fourth 






component 


component 


component 


component 


*1 


97.0 


Tic 


/ 


/ 


/ 






3.0 








*2 


97.0 


/ 


CrjOa 


MgO 


/ 








2.0 


1.0 




3 


97.0 


Tic 


CrjOa 


MgO 


/ 






0.6 


1.4 


1.0 




4 


96.8 


Tic 


CrzOa 


MgO 


AI2O3 






0.6 


1.0 


0.9 


0.7 



* Comparative example 



[0036] 
[Table 2] 
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Table 2 

Results of measurement with test piece 



No . 


Flexural 

S> QXl^ I'll 

(kg/mm^ ) 


Relative 

(%) 


Charpy 
j-uipac u 
strength 
(kgf/cm^) 


Sensorial color 


Electric 
conduc- 
tivity 

(Q"Vcm) 


L* 


a* 


b* 


*1 


82 


90.3 


0. 103 


52 .9 


-1.6 


+ 1.9 


2.6x10"^ 


*2 


91 


91.4 


0.141 


54.6 


-1.3 


+ 1.9 


8.7x10"^ 


3 


126 


98.3 


0.281 


43.1 


-1.1 


+0.8 


4.0x10"' 


4 


153 


99.0 


0.289 


43 .9 


-1.8 


+ 1.1 


4.0x10"' 


^3 


159 


99.4 


0.293 


42 .6 


-1.6 


+2.0 


4.0x10"' 




181 


99.6 


0.296 


42.1 


-1.2 


+ 1.6 


4.0x10"' 



* Comparative example ^^3 and ^^^4 represent HIP-treated samples of 
No. 3 and No. 4 



[ 0037 ] When these sinters were dispersed into X-ray diffraction 
patterns , Zr02 peaks of the tetragonal system and the monoclinic system 
and the peaks of the relevant blackening agents were detected. 

[0038] It is clear from the results shown above that No. 1 adding 
solely a carbide thereto as a blackening agent revealed an insufficient 
degree of blackening, showed a discernible sign of uneven coloration 
on part of the surface, and betrayed deficiency in flexural strength. 
Then, No. 2 adding solely an oxide thereto was found not only to be 
deficient in the degree of blackening but also to be inferior in flexural 
strength. 

[0039] Further, the sinters of ^3 and ^4: which had further 
undergone the HIP treatment were found to have acquired enhanced 
relative density and added to the density of texture. Thus, the 
flexural strength and the Charpy impact strength were found to be further 
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exalted. In all the samples except that of No. 1, the magnitudes of 
electric conductivity were not more than 10"^ Q"^/cm. 

[0040] (Example 2) The mixed powders obtained by mixing the 
same partially stabilized Zr02 powder as used in Example 1 and powdered 
blackening agents of varying compositions shown in Table 3 ( invariably 
having an average particle diameter of 0 . 6 fim) were formed and sintered 
under the same conditions as in Example 1. Part of the samples were 
further subjected to the HIP under the same conditions as in example 
1. 

[0041 ] The sinters obtained as described above were worked into 
test pieces in the same manner as in Example 1 and the test pieces 
were tested for the same characteristic properties as in Example 1. 
The results are shown in Table 4. 

[0042] 

[Table 3] 
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Table 3 



Co mposition of components (the numerals denominated in weight %) 







Blackening agent: 


No. 


Zr02 
















First 


Second 


Third 


Fourth 


Subtotal 






componen-t 


component 


component 


con^onent 




5 


96.8 


WC 


Cr203 


MgO 


AI2O3 


3.2 






0.6 


1.0 


0.9 


0.7 




6 


96.8 


TaC 


CrzOs 


MgO 


AI2O3 


3.2 






0.6 


1.0 


0.9 


0.7 




7 


96.8 


HfC 


Cr203 


MgO 


AI2O3 


3.2 






0.6 


1.0 


0.9 


0.7 




8 


96.8 


Tic 


V2O3 


Fe203 


AI2O3 


3.2 






0.6 


1.0 


0.9 


0.7 




9 


97.5 


Tic 


V2O3 


Fe203 


/ 


2 .5 






0.6 


1.0 


0.9 






10 


97.5 


HfC 


Cr203 


MgO 


/ 


2 .5 






0.6 


1.0 


0.9 






11 


94.0 


Tic 


Cr203 


MgO 


AI2O3 


6.0 






0.8 


2.0 


2.0 


1.2 




12 


95.0 


Tic 


Cr2 03 


MgO 


AI2O3 


5 .0 






0.8 


1.8 


1.2 


1.2 




13 


99.0 


Tic 


Cr203 


MgO 


/ 


1.0 






0.4 


0.4 


0.2 






14 


99.5 


Tic 


Cr203 


MgO 


/ 


0.5 






0.2 


0.1 


0.2 






15 


99 . 7 


Tic 


CrsOs 


MgO 


/ 


0.3 






0.1 


0.1 


0.1 






16 


97.35 


Tic 


Cr203 


MgO 


AI2O3 


2.65 






0.05 


1.0 


0.9 


0.7 




17 


97.35 


Tic 


CrzOa 


MgO 


AI2O3 


2.65 






1.0 


0.05 


0.9 


0.7 




18 


97.35 


Tic 


Cr203 


MgO 


AI2O3 


2.65 






1.0 


0.9 


0.05 


0.7 




19 


96.8 


Tic 


Cr203 


MgO 


AI2O3 


3.2 






2.2 


0.3 


0.2 


0.5 




20 


96.8 


Tic 


Cr203 


MgO 


AI2O3 


3.2 






0.3 


2.2 


0.2 


0.5 




21 


96.8 


Tic 


Cr203 


MgO 


AI2O3 


3.2 






0.2 


0.3 


2.2 


0.5 





[0043 ] 
[Table 4] 
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Table 4 



Results of measurement with test piece 



No. 


Flexural 
strength 
( kg/mm^ ) 


Relative 
density 
{%) 


Charpy 
impact 
strength 
(Jcgf/cm') 


Sensorial color 


Electric 
conduc- 


L* 


a* 


b* 


tivity 
(Q-Vcm) 


5 


118 


95.3 


0.203 


40.3 


+ 1.6 


-2.1 


4.0x10"^^ 


6 


123 


96.6 


0.213 


42 .6 


+2.0 


-1.2 


4.0x10"^ 


7 


150 


98.8 


0.289 


43.2 


+ 0.8 


-0.1 


4.0x10"^ 


8 


153 


99.2 


0.289 


41.6 


+0.9 


+1.3 


4.0x10-^ 


9 


130 


98.9 


0.283 


33.8 


+ 1.4 


-1.1 


4.0x10'® 


10 


128 


98.3 


0.281 


30.2 


-0.8 


-1.2 


4.0x10-® 


11 


104 


94 . 8 


0.200 


48.0 


-0.9 


+ 1.1 


7.0x10-® 


12 


158 


98.7 


0.288 


42.8 


+0.2 


-0.3 


4.0x10-® 


13 


128 


98.2 


0.280 


43.1 


+ 1.3 


-0.6 


4.0x10"® 


14 


129 


98. 1 


0.278 


38.3 


+0.6 


+0.3 


4.0x10-® 


15 


122 


93.2 


0.158 


51.3 


+ 0.6 


-0.8 


9.0x10"® 


16 


133 


98.9 


0.288 


44 .6 


+2.4 


+ 0.6 


4.0x10"® 


17 


133 


98.9 


0. 288 


43.8 


+2.6 


-0.9 


4.0x10-® 


18 


132 


98.0 


0.280 


44 .9 


-0.8 


+2.3 


4.0x10-® 


19 


110 


93.8 


0. 191 


38.3 


+ 0.6 


+2.4 


4.0x10-® 


20 


111 


93.5 


0. 193 


46.3 


+2.2 


-1.8 


4.0x10"® 


21 


113 


93.5 


0. 193 


47.6 


-2.3 


+2.1 


4.0x10-^ 


^5 


131 


98.3 


0.283 


38.9 


+ 0.6 


-1.3 


4.0x10"® 


its 


138 


98.6 


0.285 


41 . 8 


+ 1 . 6 


-1.1 


4.0x10"® 


^1 


172 


99.5 


0.291 


42.8 


+2.0 


-1.6 


4.0x10"® 




175 


99.5 


0.293 


40.1 


+ 1.6 


+0.8 


4.0x10"® 




155 


99.0 


0. 289 


31.6 


+ 1.6 


-0.6 


4.0x10"^ 




153 


99.0 


0.288 


30 . 0 


-0.9 


-0.3 


4 . OxlO~® 



^5 - 7^10 represent HIP-treated samples respectively of No. 5 ~ No. 
10, 



[0044] By the X-ray diffraction of these sinters, their Zr02 
phases were found to comprise a tetragonal system and a monoclinic 
system and form a visually detectable peak of the relevant blackening 
agent . 

[0045] It is clear from the results given above that in samples 
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containing the blackening agent in total amounts falling short of 0.5 
weight % , though the magnitudes of f lexural strength were invariably 
not less than 100 kg/cm^, the degrees of blackening were insufficient 
and the ranges, L* < 48, -2 < a* < 2, -2 < b* < 2, were not satisfied. 
In samples containing the blackening agent in total amounts exceeding 
5 weight %, notwithstanding the sensorial colors were nearly the same 
as those of the samples having total amounts falling short of 5 weight % , 
such mechanical properties as relative density, f lexural strength, 
and Charpy impact strength were degraded owing to the deterioration 
of the sintering property (Samples No. 11 and No. 15). 

[0046] When the amount of any one of the components of the 
blackening agent fell short of 0.1 weight %, the coloring effect of 
that component was not easily manifested and the condition of the range 
of sensorial color designated by this invention was not fulfilled. 
Also when this amount exceeded 2.0 weight %, the sensorial color in 
the prescribed range was not obtained and the presence of partially 
uneven coloration due to the deficiency in dispersibility was detected 
(Samples No. 16 - 21). 

[ 0047 ] (Example 3 ) Test pieces were prepared by mixing the same 
partially stabilized Zr02 powder as in Example 1 and powdered blackening 
agents of varying compositions shown in Table 5 and forming and sintering 
the resultant mixtures under the same conditions as in Example 1 . The 
test pieces were rated for crystal particle diameter in the same manner 
as in Example 1 • 

[0048] Then, part of the test pieces were further subjected to 
the same HIP treatment as in Example 1 . The results of the treatment 
were similarly rated. The results are shown in Table 6. 

[0049 ] By the X-ray analysis, the coexistence of the Zr02 phases 
of the tetragonal system and the monoclinic system and the relevant 
blackening agent phase was confirmed and, in the samples No. 28 - 30, 
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the existence of NiAl204 was observed. 
[0050] 
[Table 5] 

Table 5 

Co mposition of components (the numerals denominated in weight %) 
Blackening agent, 



No. 


Zr02 


First 


Second 


Third 


Fourth 


Subtotal 






component 


component 


component 


component 




22 


97.5 


Tic 


Cr203 


NiO 


/ 


2.5 






0.6 


1.0 


0.9 






23 


97.5 


HfC 


Cr203 


CoO 


/ 


2.5 






0.6 


1.0 


0.9 






24 


97.5 


ZrC 


Cr203 


CoO 


/ 


2.5 






0.6 


1.0 


0.9 






25 


97.5 


HfC 


MoO 


NiO 


/ 


2.5 






0.6 


1.0 


0.9 






26 


97.5 


HfC 


WO3 


NiO 


/ 


2.5 






0.6 


1.0 


0.9 


/ 




27 


97.5 


HfC 


Ta205 


NiO 


/ 


2.5 






0.6 


1.0 


0.9 


/ 




28 


97.45 


Tic 


Cr203 


NiO 


AI2O3 


2.55 






0.6 


1.0 


0.9 


0 .05 




29 


97.4 


Tic 




NiO 


AI2O3 


2.6 






0.6 


1.0 


0.9 


0.1 




30 


95.7 


Tic 


Cr203 


NiO 


AI2O3 


4.3 






0.6 


1.0 


0.9 


1.8 




31 


95.3 


Tic 


Cr203 


MgO 


AI2O3 


4.7 






0.6 


1.0 


0.9 


2.2 





[0051] 
[Table 6] 
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Table 6 

Results of measurement with test piece 





Average 


Flexural 


Relative 


Charpy 


Sensorial color 


Electric 




Crystal 


strength 


density 


impact 








conduc- 


No. 


particle 
diameter 
of Zro2 
(Mia) 


( kg/mm^ ) 


(%) 


strength 
(kgf /cm^) 








tivity 
(Q-Vcm) 












L* 


a* 


b* 




22 


1.1 


128 


98.0 


0.281 


43.1 


+0.6 


+0.8 


5.0x10"^ 


23 


1.2 


130 


97.6 


0.280 


38.8 


+0.1 


+0.8 


5.0x10"^ 


24 


1.1 


126 


97.6 


0.280 


44.1 


+0.2 


+1.3 


6.0x10"^ 


25 


1.3 


128 


98.0 


0.276 


45.3 


+0.3 


-0.4 


5.5x10"^ 


26 


1.1 


130 


98.3 


0.282 


44.3 


-0.4 


+0.1 


5.0x10"^ 


27 


1.2 


128 


98.2 


0.278 


42.8 


+0.8 


-0.1 


5.5x10"^ 


28 


1.1 


131 


98.3 


0.284 


44.0 


+0.8 


-0.2 


4.0x10"^ 


29 


0.7 


150 


98.8 


0.284 


44.9 


-0.2 


+0.2 


4.5x10"^ 


30 


0.7 


153 


98.8 


0.288 


48.0 


+0.1 


+0.3 


4.5x10"^ 


31 


0.7 


140 


98.8 


0.284 


51 .1 


+0.9 


+0.4 


4.0x10"^ 


i!!r22 


1.3 


153 


98.8 


0.289 


36.9 


+1.1 


+0.9 


5.0x10"^ 


7^23 


1.3 


155 


99.0 


0.280 


39.0 


-0.6 


-0.4 


4.0x10-^ 




1 .2 


158 


99.0 


0.289 


41.3 


-0.2 


+0.3 


4.5x10"^ 




0.8 


180 


99.6 


0.294 


40.0 


+1.2 


-0.8 


4.0x10"^ 


A30 


0.8 


183 


99.5 


0.291 


37.3 


+1.1 


+0.1 


4.5x10-^ 


tir3i 


0.8 


169 


99.4 


0.289 


43.7 


+2.0 


-0.2 


4.0x10-^ 



i^22 - iirSl represent HIP-treated samples respectively of No. 22 - No. 
31. 



[0052] In the samples shown in the table, the samples No. 29 
and No. 3 0 having added AI2O3 thereto as a fourth component showed 
decreased crystal particle diameters of Zr02 and consequently exalted 
flexural strength and Charpy impact strength as compared with the 
samples having avoided the addition. 

[0053] No. 28 having an AI2O3 content of less than 0.1 weight %, 
however, had nearly the same crystal particle diameter and consequently 
showed nearly the same flexural strength and Charpy impact strength 
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as No. 22 having avoided addition of this oxide. 

[0054] Then, No. 31 having an AI2O3 content exceeding 2 weight % 
had a small crystal particle diameter and yet suffered degradation 
of dispersibility and showed a discernible sign of uneven coloration 
on part of the surface similarly to Example 2 . 

[ 0055 ] ( Example 4 ) The shaped pieces which had the compositions 
and the contours respectively of No. 3 and No. 4 of Example 1 were 
sintered under varying conditions shown in Table 7 to prepare test 
pieces of the same shape as in Example 1 . The results of the rating 
of these test pieces are shown in Table 7. 

[0056] 

[Table 7] 



Table 7 



No. 


Compo- 
s it; ion 


Sintering conditiions 


Characteristic properties of test piece of sinter 


Degree 

of 
vacuum 
( Torr ) 


Ten^e- 
rature 
CC) 


Dura- 
tion 
(Hr) 


Flexural 
strength 
(kg/mm^ ) 


Relative 
density 
(%) 


Charpy 
impact 
strength 
(kgf/cm^) 


Sensorial color 


L* 


a* 


b* 


32 


Same as 
No. 3 


15 


1500 


3 


94 


92.1 


0.131 


43.6 


-0.9 


+0.8 


33 


Same as 
No. 3 


10 


1500 


3 


120 


98. 1 


0.280 


43.8 


-1.0 


+0.7 


34 


ScLcne as 
No.. 3 


1 


1500 


3 


128 


98.4 


0.261 


40 . 1 


-0.4 


+ 1.0 


35 


Same as 
No. 3 


10-^ 


1500 


3 


138 


98.4 


0.27 


38.6 


-0.1 


+0.3 


36 


Same as 
No. 4 


1 


1250 


3 


96 


92.7 


0.133 


53.8 


-2.9 


+0.5 


37 


Saane as 
No. 4 


1 


1300 


3 


136 


97.3 


0.271 


44.1 


-1.7 


+1.1 


38 


Same as 
No. 4 


1 


1500 


3 


149 


98.8 


0.271 


43.0 


-1.7 


+0.8 


39 


Same as 
No. 4 


1 


1600 


3 


157 


99.2 


0.273 


42.0 


-1.8 


+0.9 


40 


Same as 
No. 4 


1 


1650 


3 


96 


92.6 


0.149 


54.1 


-1.7 


+2.1 
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[0057 ] It is clear from the results given above that in the samples 
having degrees of vacuum of not more than 10 Torr and using temperatures 
in the range of 1300 - 1600°C, the magnitudes of flexural strength 
and Charpy impact strength were respectively not less than 120 kg/mm^ 
and not less than 0.260 kgf/mm^ and the blackened color tones were 
smooth and uniform in blackness. 

[0058] (Example 5) The sinters of No. 34 and No. 38 of Example 
4 were further subjected to the HIP treatment under varying conditions 
shown in Table 8 and then worked to obtain test pieces of the same 
shape as in Example 1 . The test pieces were rated in the same manner 
as in Example 4. The results are shown in Table 8. 

[0059] 

[Table 8] 
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Table 8 



No. 


Sinter 
sample 
used in 
HIP 




HIP CO] 


adit ions 




Characteristic properties of sinter test piece 


Degree 

of 
vacuum 
(Torr) 


Tempe- 
rature 


Press- 
ure 
(kg/cm^) 


Dura- 
tion 
(hr) 


Flexural 

strength 
( kg/mm^ 


Relative 
dens ity 
(%) 


Charpy 

strength 
(kaf /cm^l 


Sensorial color 


L* 


a* 


b* 


4 1 


Same as 
No. 34 


15 


14 00 


1000 


3 


128 


97.8 


0.261 


40.1 


-0.4 


+ 1.0 


42 


Same as 
No. 34 


10 


1400 


1000 


3 


163 


99.6 


0.282 


43.8 


-0.4 


+0.9 


43 


Same as 
No. 34 


1 


1400 


1000 


3 


171 


99.6 


0.282 


44 . 6 


-0.6 


+0 . 9 


44 


Same as 
No. 34 


10 ^ 


1400 


1000 


3 


183 


99.7 


0.282 


40.3 


-1.1 


+0.8 


4 5 


Same as 
No. 38 


1 


1250 


1000 


3 


153 


98.8 


0.271 


43.0 


-1-6 


+0.8 


46 


Same as 
No. 38 


1 


1300 


1000 


-3 


178 


99.4 


0.283 


40.6 


-1.3 


+0.6 


47 


Same as 
No. 38 


1 


1400 


1000 


3 


181 


99.6 


0.289 


43-1 


-1.3 


+0.8 


48 


Same as 
No. 38 


1 


1600 


1000 


3 


183 


99.7 


0.289 


42.9 


-1.2 


+0.8 


49 


Same as 
No. 38 


1 


1650 


1000 


3 


147 


98.9 


0.271 


44.1 


-1.1 


+0.5 


50 


Same as 
No. 38 


1 


1400 


150 


3 


150 


98.9 


0.273 


42.8 


-1.1 


+0.2 


51 


Same as 
No. 38 


1 


1400 


200 


3 


173 


99.1 


0.283 


43.6 


-0.8 


+ 1.2 


52 


Same as 
No. 38 


1 


1400 


500 


3 


177 


99.3 


0.286 


40.1 


-0.6 


+ 1.1 



[ 0060 ] It is clear from the results given above that the samples 
which had undergone the HIP under the conditions of not more than 10 
Torrs in degree of vacuum, 1300 - 1600°C in temperature, and not less 
than 200 kg/cm^ in pressure acquired improvements in density of texture 
and showed conspicuously additions to the magnitudes of flexural 
strength and Charpy impact strength as compared from those existing 
at the time of sintering. 



- 21 - 



[0061] 

[Effect of the Invention] As demonstrated above, it is made 
possible by this invention to provide black zirconia ceramics which 
are endowed with enhanced smoothness, sensation of depth, and uniform 
tint without sacrificing the characteristic feature of copious density 
and high strength inherent in zirconia ceramics. 
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0. 5~5. oafi%^jn-rs« s-j^^i:* 0. i«s 

%^mx-$>^ts m)m(Dmm^i)^-^j:<. 2. omm.%^m 

A>^Ai®T-rso c:n?.©Me{b^jAs^n-eo. 

5!t»%*^T-*ixli^-«c|ieiifc:tt^:SAs*^?g© 
«iat-S^<rte>A^*c«e©?ii^As^n{r < <;5;f), 
5. 0Sa;%4M^Si:*ixW±©«fe©^^As^?,n 

■r^ 2!tc*Sie^4Al^£Tb^ ^©;s{i^Ma<j!RfttA«^Yb-r 
»), *^wci§^bfe^«e©®H&j®aji-r5a^ASife 

So 

[0 0 2 01 sfe, Ai2 03*^jn-ri.ott> «e<bffl 

^ # < ^ia f i. i: . ^ n fc- w -r- 1± J® ^ {c J; o T 
Asgb<'5:S:;&{c, ^©JiPSiJ^pji: bTffiffl-r5©T-fe 

[0 0 2 1] *^B^C<fc?,|iei^;i'n::i5'-fev » y^;^ 
Jii±©^fbtIi:j^fbtl§^tfAs. mmtm 
<tm t (Dih-^m. S v><±K<b!^|Hi/^.©SiiS{c i 

[0 0 2 21 ife(^*#gBJCJ;-5«li^i:HI P®^6^*l5i 
B8t-So 

[0 0 2 3] *^B8©i^^, 100k g/mm2Jit±© 

To r ^J-i^T©R^ffiT•^^b^d:l^^^«>5:^^^^o 10 
Tor rJ;!5*,<gl%K^ST-feSifgS:ff*^i:^ ft^igf*:© 
A^Kfb * nt e e * S t- 5 MiRl AS* 5 o 

[0 0 2 4] ^ig©SS^^^ t: bTJi. 1 3 0 0 ~ 1 6 
0 0°CAS»S bV>„ dtlfi. 1 3 0 0°C*«r-tt®^<b 
As^+:0-T-fe Sfc 1 6 0 0°CS:|g^5i:i^m©)ia 
fiE:gAJSb<. A»•o^a©^gTA^;^t^^:;&T-fe5o 

[0 0 2 5] M{C^ mxtl 100k g/mm2iil±©M 
iS«:*?f ffl?^m*AS9 3%W±(c;5:5id{c 

J3!!S$-r5'iJSAs*5o 

[0 0 2 61 X> SSi^^^??>K:H I P^-rSi®^©3fef^ 
{co<,>r*)s I^»©affiCJ; 1 3 0 0~ 1 6 0 

0°C©ffiffll*lT-fT«tlr^^ 2 0 0 kg/cm2iy.±©inff 
T■r^f^i:■5'i^SA^fe5o Ctltt. 2 0 0kg/'cm2* 
8l©jE*T-C&5i:^ ^i^^{c«ofe«SiS{*:«f©^?L* 



(4) 
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[0 0 2 7] *^B^CD|ie<bUfci^>'l'=J-T-b5 ^ 

:^*Sigi*cDMfefb®llft4^:^feT-««1-5i:. JIS 
Z8 7 2 9trj;-D-rM^^n-Ct^SL'a*b*afeJ^{c 
J;ix«. L'<48. -2<a*<2. -2<b*<20D 

[0 0 2 81 CC:-C-> L'liB^JS. a\ b'ttfiK^* 
i5-r*)Ot:N L*iDfiiASii[<^tlHe<)&it), a-ASiS< 

[0 0 2 9] mi^m<o^M^it. mm^m(D»mm^ 

«f^©*^ffl^F**^ Ra<0. 0 2>u^l^D|fe^**^fef 
S^0^1:e*^LTUSo 

[0 0 3 01 mi^mommm^ ifim<^jii>ii. mn 

-C^r^•SMei^^^=^-T•fe5 5 >v R a < 0 . 

0 2 AimcD®ffi^C)tinxU-r^m6*?fiil^t-5i:. L* 
<48, -2<a*<2. - 2 < b* < 2 I^D 
SSliefl:*^ Ra = 0. 5/im6Dffl«a$K!&i>J;dtirax 

[0 0 3 1] Ra<0. 0 2 >um®ISI{*TT% <t 



0. 3<a*<0. 3> -0. 3<b*<0. St-feSo 
[0 0 3 21 

mmm] 

(V>1*ix*¥±9MgO. 6>um) ^-^n-^nM^L 
M^«&*^5 0 0kg/cm2©ffij-C-figJi5b-ts 5m 
m (4B) x4 5mm x4mm (ffif^) 

[0 0 3 3] Z(Dmmit-^ 1 0-2 T o r r£D*^*pT-jS 

SEi 5 0 o'cxsKfrafeSi^bfeo X. -gpctsmMc 

T;vrf>*Xtf 1 0 0 0kg/cm2®£EijTt? 14 0 

O-Cx mP^H I P^ff^ofco 
[0 0 3 4] C:®J;a{cb-Cf#^nfc^i^f*:4 4mm 
(♦i) x3 6mm x3mm (JP^!*) CDtfiHiM-t 

^bfeo X. iai^M-®^ffl*I^4Ra<0. 02/im(C 

[0 0 3 5] 
[«11 



S 1 



£ -g- £ (StlStt 



[0 0 3 6] 



Ngl 


Zr02 


M ^5. >ffc »l 










* 1 


97.0 


TiC 
3.0 


/ 






* 2 


97.0 




CrzOa 
2,0 


MgO 
1,0 




3 


97.0 


TiC 
0.6 


Cra03 
1.4 


MgO 
1.0 




4 


96.8 


TiC 
0.6 


CrzOs 
1.0 


MfifO 
0.9 


Al20a 
0.7 






[«2] 

« 2 





(kg/mn^) 


(96) 


« |e 

0«f/cni«) 


!Si % ^ 


(Q'Vcni) 


L* 


a* 


b* 


*1 


82 


90.3 


0.103 


52.9 


- 1,6 


+ 1.9 


2-6 X 10-6 


*2 


91 


91.4 


0.141 


54.6 


- 1.3 


+ 1.9 


8.7 X lG-« 


3 


126 


98.3 


0.281 


43.1 


- 1.1 


+ 0.8 


4.0 X lO-» 


4 


153 


99.0 


0.289 


43.9 


- 1.8 


+ 1.1 


4.0 X 10-» 


iV3 


159 


99.4 


0.293 


42.6 


- 1.6 


+ 2.0 


4.0 X 10-* 


*r4 


181 


99.6 


0.296 


42.1 


- 1.2 


+ 1.6 


4.0 X 10 * 



(5) 



!RFia¥8-3 1 0 8 6 0 



[0 0 3 9] stc. A3> 1:^4©^^^. m^m:^^^ 

3, No. 4©^i^<*:HJ:b'^^ ffl?>t^aA*|ql± UTi5 

*). it)®mL.-ci%s. c©:;s. ttJfsassvi^-v'^v 

No. Ifei^l^ttl 0-' Q-' /cnHilTT-S>t3fco 

S3 

m it & 



[0 0 4 0] ime&m 2 ) mmm i i: iRi»©a5^$«<b 

zr02*&5i;i:«3t35^-rim^-a-©sfe^bffl)i&* (t,N-r 

nt)¥±9«iM0. 6/zm) ^^ti^n?I^Lfcfg^*&* 



Ofco 

[0041] C:©<td{C b t» e. 1 

[0 0 4 2] 
[|g3] 

















Zr02 












5 


96.8 


wc 

0.6 


1.0 


UsO 
0.9 


AI2O3 
0.7 


3.2 


6 


96.8 


TaC 
0-6 


Cr203 
1.0 


MgO 
0.9 


A1203 

0.7 


3.2 


7 


96.8 


Hf C 
0.6 


Cr203 
1.0 


MsrO 

0.9 


AI2O3 
0.7 


3.2 


8 


96.8 


TiC 
0,6 


V2O3 
1.0 


FezOa 
0.9 


AI2O3 
0.7 


3.2 


9 


97.5 


TiC 
0.6 


V2O3 
1.0 


Fe203 
0,9 




2.5 


10 


97.5 


HfC 
0.6 


Cr203 
1.0 


MgO 
0.9 




2,5 


11 


94.0 


TiC 
0.8 


Cr203 
2.0 


MkO 
2.0 


A 12U3 

1.2 


6.0 


12 


95.0 


TiC 
0,8 


Cr203 
1.8 


MgO 
1.2 


AI2O3 
1.2 


5.0 


13 


99.0 


TiC 
0.4 


Cr203 
0.4 


UgO 
0.2 




1.0 


14 


99.5 


TiC 
0.2 


CraOa 
0,1 


0,2 




0.5 


15 


99.7 


TiC 
0.1 


Cr203 
0.1 


MgO 
0.1 




0.3 


18 


97.35 


TiC 
0,05 


Cr203 
1.0 


MgO 
0.9 


AI2O3 
0.7 


2,65 


17 


97.35 


TiC 
1.0 


Cr203 
0.05 


MgO 
0.9 


AI2O3 
0.7 


2,65 


18 


97.35 


TiC 
1,0 


Cr203 
0.9 


MgO 
0.05 


Ai20a 
0.7 


2,65 


19 


96.8 


TiC 
2.2 


Cr203 
0.3 


MgO 
0.2 


AI2O3 
0.5 


3.2 


20 


96.8 


TiC 
0,3 


Cr203 
2.2 


MgO 
0,2 


A1203 

0.5 


3.2 


21 


96.8 


TiC 
0.2 


Cr203 
0.3 


MgO 
2.2 


A1203 

0.5 


3.2 



[0 04 3] 



[«4] 



(6) 



!|tga^8-3 1 0 8 6 0 



S 4 



Ka 




(«) 


3S fl 
(kgf/cm*) 


^ jl: ^ 




L* 


a* 


b* 


(Q'Vcm) 


5 


118 


95.3 


0.203 


40.3 


+ 1,6 


- 2.1 


4.0 X 10 * 


6 


123 


96.6 


0.213 


42.6 


+ 2.0 


- 1.2 


4.0 X 10-« 


7 


150 


98.8 


0.289 


43.2 


+ 0.8 


- 0.1 


4.0 X IQ-a 


8 


153 


99.2 


0.289 


41.6 


+ 0,9 


+ 1.3 


4.0 X 10-« 


g 


130 


98.9 


0.283 


33.8 


+ 1.4 


- 1.1 


4.0 X 10-« 


10 


128 


68.3 


0.281 


30.2 


- 0.8 


-1.2 


4.0 X 10-» 


11 


104 


94.8 


0.200 


48.0 


- 0.9 


+ 1.1 


7.0 X 10-« 


12 


158 


98.7 


0.288 


42.8 


+ 0.2 


- 0.3 


4.0 X 10-« 


13 


128 


98.2 


0.280 


43.1 


+ 1.3 


- 0.6 


4.0 X 10 * 


14 


129 


98.1 


0,278 


38.3 


+ 0.6 


+ 0.3 


4.0 X 10-« 


15 


122 


93.2 


0.158 


51.3 


+ 0.6 


- 0.8 


9.0 X 10-« 


16 


133 


98.9 


0.288 


44.6 


+ 2.4 


+ 0.6 


4.0 X 10 * 


17 


133 


98.9 


0.288 


43.8 


+ 2.6 


- 0.9 


4.0 X 10-« 


18 


132 


98.0 


0.280 


44.9 


-0.8 


+ 2.3 


4.0 X 10-« 


19 


110 


93.8 


0.191 


38.3 


+ 0,6 


+ 2.4 


4.0 X 10 * 


20 


111 


93.5 


0.193 


46.3 


+ 2,2 


- 1.8 


4.0 X 10-« 


21 


113 


9 3.5 


0.193 


47.6 


- 2.3 


+ 2.1 


4.0 X 10-a 


1^5 


131 


98.3 


0.283 


38.0 


+ 0.6 


- 1.3 


4.0 X 10-* 


i^B 


138 


98.6 


0.285 


41.8 


+ 1.6 


- 1.1 


4.0 X 10-« 


^1 


172 


99.5 


0.291 


42.8 


+ 2.0 


-1.6 


4.0 X 10"* 




175 


99.5 


0.293 


40.1 


+ 1,6 


+ 0.8 


4.0 X 10"* 




155 


99.0 


0,289 


31.6 


+ 1.6 


- 0.6 


4.0 X 10-* 


IVIO 


153 


99.0 


0.288 


30.0 


- 0.9 


-0.3 


4.0 X 10 * 



*5~-^ioBiid5~iiaio <D * n « *i HIP jaattw 



[0 0 4 4] Ztl^(0^1^i^(DXmmm^K). ZrOz 
[0 0 4 5] W±0^m<fc »3 HfefbfflCD^thSAs 0 . 5 

m&yoicmtzfs^i^m-^izft. mf^mt i o o kg/c 

8, -2<a*<2. -2<b*<2*Mfe$-rs 5 
5) o 

[0 0 4 6] X, m^<m^^^(Dm.ifi i ^^-^i) o . 
2. omm.xtimx.x'b. mi:,ji'jtzm^<Di^m<Dmn 



(iSJl^No. 16~2 1)o 

[0 0 4 7] (mmm 3 ) mmm 1 bias^^^^b z 

[0 0 4 8] x> -g|5o^)®lc•^^,^■r (iSfC^iSM 1 t. 

[0 0 4 9] xmx-mmL.rziiz^]E:^m^i:immmm 

4ai:LTiSi|6tNo. 2 8~3 OT-liNi Al204*s^« 
^ntzo 

[0 0 5 0] 

[^51 



(7) 
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S 5 



[0 0 5 1] 





Zr02 


m ^ ^ M 






»3jffi^ 






22 


97.5 


TIC 
0-6 


Cr203 
1.0 


NiO 
0.9 




2.5 


23 


97.5 


HfC 
0.6 


CrzOa 
1.0 


CoO 
0.0 




2.5 


24 


97.5 


ZrC 
0.6 


CraOa 
1.0 


CoO 
0.9 




2.5 


25 


97.5 


HfC 
0.6 


MoO 
1.0 


NiO 
0.9 




2.5 


26 


97.5 


HfC 
0.6 


WO3 
1.0 


NiO 
0.9 




2.5 


27 


97.5 


HfC 
0.6 


TazOs 
1.0 


NiO 
0.9 




2.5 


28 


97.45 


TiC 
0.6 


Cr203 
1.0 


NiO 
0.9 


AI203 
0.05 


2.55 


29 


97.4 


TiC 
0.6 


Cr203 
1.0 


NiO 
0-9 


AI2O3 
0,1 


2.6 


30 


95.7 


TiC 
0.6 


Cr203 
1.0 


NiO 
0.9 


AI2O3 
1.8 


4.3 


31 


95.3 


TiC 
0.6 


Cr203 
1.0 


0.9 


AI2O3 
2.2 


4.7 



S 6 



[IS6] 



Na 


ZiOa<D 






5/+>rt/tf- 


^ % 








(96) 


Ckgf/cm2) 


L* 


a* 


b* 


(fi'Vcm) 


22 


1.1 


128 


98.0 


0.281 


43.1 


+ 0.6 


+ 0.8 


5.0 X 10-8 


23 


1.2 


130 


97.6 


0.280 


38.8 


+ 0.1 


-f 0,8 


5.0 X 10-8 


24 


1.1 


126 


97.6 


0.280 


44.1 


+ 0.2 


4- 1.3 


6.0 X 10-* 


25 


1,3 


128 


08.0 


0.276 


45,3 


+ 0.3 


- 0.4 


5.5 X 10-8 


26 


1.1 


130 


98.3 


0.282 


44.3 


- 0.4 


+ 0.1 


5.0 X 10-8 


27 


1.2 


128 


9 8.2 


0.278 


42.8 


+ 0.8 


- 0.1 


5.5 X 10-8 


28 


1.1 


131 


98.3 


0.284 


44.0 


+ 0.8 


- 0.2 


4.0 X 10-8 


29 


0.7 


150 


98.8 


0.284 


44.9 


- 0.2 


+ 0.2 


4.5 X 10-8 


30 


0.7 


153 


98.8 


0.288 


48.0 


+ 0.1 


+ 0.3 


4.5 X 10-8 


31 


0,7 


140 


98.8 


0.284 


51.1 


+ 0.9 


+ 0.4 


4.0 X 10-8 


t!V22 


1.3 


153 


98.8 


0.289 


36,9 


+ 1.1 


+ 0.9 


5.0 X 10-8 


l!V23 


1.3 


155 


99.0 


0.280 


39.0 


- 0.6 


- 0.4 


4.0 X 10-8 


T5r28 


1.2 


158 


99.0 


0.289 


41.3 


- 0.2 


+ 0.3 


4.5 X 10-8 




0.8 


180 


99.6 


0.294 


40.0 


+ 1.2 


- 0.8 


4.0 X 10-8 




0.8 


183 


90.5 


0.291 


37,3 


+ 1.1 


+ 0.1 


4.5 X 10-8 


•^31 


0.8 


169 


99.4 


0.289 


43.7 


+ 2.0 


- 0.2 


4.0 X 10-8 



[0 0 5 2] Z(Do-lbm4m-5^t{^XAlz03t:inXtz 
M.nNo. 2 9, 3 0(CoUTIi. IJU^tSil^iiCOiztt^ 



[0 0 5 3] {HL.Ai203a*so. im&%^m<DN 
o. 2 8X'itmmmm±m)3aLtj:i.Mio. 2 2i:{$i:^ 



(8) 



i|^M^8-3 1 0 8 6 0 



[0 0 5 41 S{C, Al2 03«AS2fi«%^®x.tN 

fco . 



m 7 



[0 0 5 51 (mmm4) ^mmi(DNo. 3iiNo. 

[0 0 5 63 
[«71 











(Torr) 




(Hr) 








8 ^ & 


L* 


a* 


b* 


32 




15 


1500 


3 


94 


92.1 


0.131 


43.6 


-0.9 


+ 0.8 


33 


// 


10 


1500 


3 


120 


98.1 


0.280 


43,8 


- 1.0 


+ 0.7 


34 


ff 


1 


1500 


3 


128 


98.4 


0,261 


40.1 


- 0.4 


+ 1.0 


35 


ft 


10* 


1500 


3 


138 


98.4 


0.27 


38.6 


- 0.1 


+ 0.3 


36 




1 


1250 


3 


96 


92.7 


0.133 


53.8 


- 2.9 


+ 0.5 


37 


ff 


1 


1300 


3 


136 


97.3 


0.271 


44.1 


- 1.7 


+ 1.1 


38 


ff 


1 


1500 


3 


149 


98.8 


0.271 


43.0 


- 1.7 


+ 0.8 


39 


ff 


1 


1600 


3 


157 


99.2 


0.273 


42.0 


- 1.8 


+ 0.9 


40 


ff 


1 


1650 




96 


92.6 


0.149 


54.1 


- 1.7 


+ 2.1 



Umt 1300~160 0*C(!D»-&. ffltf^K, 
^'JV\^-mmmti)lz^ti^ixl 2 Okg/mm^W 
±x 0. 2 6 0 kgf /mm2jy.±©ffl*sf#?>n> 

m 8 



o . 3 8 ©«5i^f*:$:M{c:« 8 {C^-T&aifef'f H I 

[0 0 5 9] 
[*8] 





















ft \i 


ffl n 




i 


\ % 








(T<ht) 






(Hr) 




(%) 


L* 


a* 


b* 


41 




15 


1400 


1000 


3 


128 


97.8 


0.261 


40.1 


-0.4 


+ 1.0 


42 


ff 


10 


1400 


1000 


3 


163 


99.6 


0.282 


43.8 


-0.4 


+ 0.9 


43 


ff 


1 


1400 


1000 


3 


171 


99.6 


0.282 


44.6 


- 0.6 


+ 0.9 


44 


ff 


10-^ 


1400 


1000 


3 


183 


99.7 


0.282 


40.3 


- 1.1 


+ 0.8 


45 


NQ38f^:|3Il: 




1250 


1000 


3 


153 


98.8 


0.271 


43.0 


- 1.6 


+ 0.8 


46 


ff 




1300 


1000 


3 


178 


99.4 


0.283 


40.8 


- 1.3 


+ 0.8 


47 


ft 




1400 


1000 


3 


181 


99.6 


0.289 


43.1 


- 1.3 


+ 0.8 


48 


ff 




1800 


1000 


3 


183 


99.7 


0.289 


42.9 


- 1.2 


+ 0.8 


49 


ff 




1650 


1000 


3 


147 


98.9 


0.271 


44.1 


- la 


+ 0.5 


50 


ff 




1400 


150 


3 


150 


98.9 


0.273 


42.8 


- 1.1 


+ 0.2 


51 


n 




1400 


200 


3 


173 


99.1 


0.283 


43.6 


- 0.8 


+ 1.2 


52 


» 




1400 


500 


3 


177 


99.3 


0.286 


40.1 


-0.6 


+ 1.1 



[0 0 6 0] CO^IIJ;»3«^«l OTorrWTs S 
*1300~1600°C, fE;ti2 0 Okg/cm2jy.± 
©^ff-r-H I PSfT«i:-5c:i:{cj:ot:j;»)igaS&j&:t)®*s 



[0 0 6 1] 



(9) 
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[«WtD^^] W±©iac. *l6ra{cj;t), i^jvzi- <, J;!5t»e>ip-eJSi5!(iCDSfe2,i^-t«fi^tifeMfei^;i. 



